Introduction: Our previous studies have shown that periapical lesions (PLs) in rats cause systemic disorders such as increased tumor necrosis factor-a plasma levels, insulin resistance, and impairment in insulin signal transduction in muscle tissue. However, the mechanisms involved in these alterations are not fully understood. Under chronic inflammatory conditions such as obesity, it has been shown that the skeletal muscle is affected by inflammation, and the number of resident macrophages that are associated with impairments of insulin action and sensitivity is increased. This study aimed to investigate the presence of macrophages, activation of inflammatory pathways in muscle tissue, glycemia, and insulinemia of rats with PLs. Methods: Sixty Wistar rats were distributed into a control group; a group with 1 PL (1PL), which was induced in the right maxillary first molar; and a group with 4 PLs (4PL), which were induced in the right upper and lower first and second molars. We quantified macrophage content by immunohistochemistry for the F4/80 protein. We evaluated Jun N-terminal kinase and IKKa/b phosphorylation status in the muscle tissue by Western blotting. Serum levels of lipopolysaccharide (LPS) and HSP70 and plasma levels of glucose and insulin were assessed by using commercial kits. Results: The 1PL and 4PL groups showed increase in macrophage content, IKKa/b, and Jun N-terminal kinase phosphorylation status, serum LPS and HSP70 levels, and insulin resistance and no changes in glycemia and insulinemia compared with the control group. There was no difference in these parameters between the 1PL and 4PL groups. Conclusions: PLs promoted an increase in macrophage infiltration, activation of inflammatory pathways in mus-
C linical and experimental studies have shown an association between periapical lesions (PLs) and systemic disolrders such as diabetes and insulin resistance (1) (2) (3) (4) . Insulin resistance occurs when normal or elevated levels of insulin cause a decreased biological response (5) . Studies have reported a critical role of inflammation in the etiology of insulin resistance (6) . In PLs, a local inflammatory process occurs in the dental pulp and periapical region (7) . However, there is evidence that inflammatory marker levels are elevated in the serum of rats and humans with PLs, indicating that these markers can act systemically (8) (9) (10) . Increased levels of inflammatory markers in the plasma are characterized as a state of chronic low-grade inflammation that is usually associated with obesity and can contribute to the development of insulin resistance (11) . Furthermore, in obesity, there is evidence that muscle tissue is affected by an increase in the number of resident macrophages (12) . F4/80 protein is known as a highly specific cell surface marker for murine macrophages. This protein is widely expressed in the majority of resident tissue macrophages (13) . Macrophages express toll-like receptor 4 (TLR4) that can induce inflammatory responses by activating innate immunity, thereby contributing to the pathogenesis of insulin resistance (14) . Studies show that macrophages can be activated by several factors including cytokines and bacterial endotoxins such as lipopolysaccharide (LPS) (15) . LPS is a cell membrane component of gram-negative bacteria and plays a key role in activation of inflammation and periapical bone resorption (16) . Another mediator that plays an active role in the modulation of inflammation is heat shock protein (HSP) 70, which presents an anti-inflammatory effect in the intracellular environment (17) and a proinflammatory effect in the extracellular environment (18) that may contribute to the development of insulin resistance (19) .
Our previous studies have shown that PL in rats causes insulin resistance and impairs insulin signal transduction in muscle tissue (3, 4) . However, the mechanisms involved are not fully understood. Because PL promotes an inflammatory state similar to that in obesity, this study aimed to investigate the presence of infiltrated macrophages by detection of F4/80 protein and to evaluate inflammatory pathways related to inhibition of insulin signal transduction in muscle tissues of rats with 1 or 4 teeth with PL. In addition, we quantified serum HSP70 and LPS levels, which are possible inducers of insulin resistance. The results of this study may help understand the interrelationship between local inflammation and systemic disorders.
Materials and Methods
Sixty male Wistar albino rats weighing 250-280 g were used in the study. The animals were housed with a 12-hour light/dark cycle (lights on at 7:00 AM) in temperature-controlled rooms (23 AE 2 C) and were given access to water and food (23% from protein, 4% fat, and 58% from carbohydrate) (Presence; Paul ınia, Sao Paulo, Brazil) ad libitum. All experiments were approved by the local ethics committee according to protocol number 00745-2015.
Animal Preparation and Death
The 60 animals were randomly distributed into 3 groups (Fig. 1) , with 20 animals in each group: a control group (CN), a group with 1 periapical lesion (1PL), and a group with 4 periapical lesions (4PL).
The rats were anesthetized by intraperitoneal injection with ketamine (Ketamina Agener; Embu Guacu, SP, Brazil) and xylazine (Dorcipec; Vallee, Montes Claros, MG, Brazil). To induce PLs, dental pulps of the right maxillary first molar (1PL) and of the right upper and lower first and second molars (4PL) were exposed to the oral environment on the occlusal surface by using a surgical round bur (Long Neck Maillefer; Dentsply, Petropolis, RJ, Brazil). For 30 days, body weight per rat was measured weekly. At 30 days after pulp exposure, the rats (n = 9) were subjected to a 14-hour fast, followed by anesthetization via intraperitoneal injection with sodium thiopental (Thiopentax; Cristalia, Itapira, SP, Brazil), and blood was collected. Subsequently, the animals (n = 9) were killed via overdose of the same anesthetic, and jaws were removed and fixed for 48 hours in 4% formaldehyde (Sigma-Aldrich, St Louis, MO) diluted in phosphate-buffered saline (PBS) (pH 7.4, 0.1 mol/L; Sigma-Aldrich). Gastrocnemius skeletal muscle was collected from 6 other animals to evaluate Jun N-terminal kinase (JNK) and IKKa/b phosphorylation status by Western blotting method. For immunohistochemical analysis of F4/80, the other animals (n = 5) were perfused as described by Da Silva et al (20) . Immediately after the perfusion, the gastrocnemius muscle was post-fixed for 4 hours in 4% formaldehyde diluted in PBS.
Histologic Processing of the Rat Jaws
The right maxillae and mandible were decalcified in ethylenediamine tetraacetic acid (10%; Sigma-Aldrich) for 60 days, processed in conventional manner, and embedded in paraffin. The parasagittal histologic sections of right maxillae first molar (1PL) or right upper and lower first and second molars (4PL) were obtained in microtome (RM2155; Leica Microsystems, BD, Wetzlar, Germany) with 4-mm-thick sections. The sections were stained with hematoxylin-eosin and analyzed by brightfield microscopy (Axio Lab A1; Carl Zeiss, TH, Oberkochen, Germany) to study the dental pulp and periapical region.
Immunohistochemistry for F4/80 in Muscle
The right gastrocnemius muscle was cryoprotected in 30% sucrose (overnight) at 4 C. Transversal histologic sections with 30-mm thickness were obtained in a cryostat device (CM1850UV; Leica, HE, Germany) and collected on histologic slides. The sections were washed in PBS (0.1 mol/L, pH 7.4; Sigma-Aldrich), and nonspecific binding sites were blocked with PBS containing 3% bovine albumin serum (Sigma-Aldrich) overnight at 4 C. Later, the muscle sections were incubated in a solution of Triton X-100 (0.3%; Sigma-Aldrich), normal donkey serum (Sigma-Aldrich), and rabbit polyclonal anti-F4-80 antibody (Santa Cruz Biotechnology, Santa Cruz, CA) overnight at 4 C. Subsequently, the sections were incubated in solution with biotinylated secondary goat anti-rabbit antibody (Santa Cruz Biotechnology) for 2 hours at room temperature, rinsed in PBS, incubated in streptavidin conjugated with Cy3 (1:500; Jackson Immunoresearch, West Grove, PA) at room temperature for 1 hour, rinsed again in PBS, and coverslipped with buffered glycerol solution. The sections were imaged under a confocal laser scanning microscope (Leica TCS SP5 Confocal; Leica). For immunohistochemistry analyses, each image (32 per group) was acquired with Â40 objective, and the cells that showed immunofluorescence for F4/80 (red fluorescence) were counted manually by using Image J (National Institutes of Health, Bethesda, MD) for the number of immunolabeled cells in relationship to the total number of cells per visual field.
Assessment of Content and Phosphorylation Status of JNK and IKKa/b
Samples from the gastrocnemius muscle were collected from 6 animals from each group. Tissue samples were prepared according to the method described by Carvalho et al (21) and subjected to Western blotting for quantification of content and phosphorylation status of JNK and IKKa/b by using antibodies against p-IKK a/b, p-JNK, IKKa/b, and JNK (Santa Cruz Biotechnology Inc). Immunoreactive bands were detected by autoradiography using a chemiluminescent substrate system (GE Healthcare, Buckinghamshire, UK) according to the manufacturer's instructions. Quantitative analysis of the blots was conducted by using Scion Image software (Scion Image-Release Beta 3b; National Institutes of Health).
Serum HSP70 and LPS Concentrations
To determine the HSP70 and LPS serum concentrations, blood samples were collected (n = 9) from the inferior vena cava after the rats had fasted overnight for 8-12 hours. The blood samples were centrifuged immediately after collection at 1800g for 15 minutes at 4
C to obtain serum. For quantification of serum LPS concentration, samples were diluted 1/40 to 1/100 and heated for 10 minutes at 70 C. LPS was quantified by using a commercially available Pierce LAL Chromogenic Endotoxin Quantitation Kit (Thermo Scientific, Rockford, IL) according to the manufacturer's protocol. Circulating HSP70 was assessed by using EKS-715 high-sensitivity HSP70 kit according to the manufacturer's instructions (Enzo Life Sciences, Lausen, Switzerland).
Glycemia, Insulinemia, and Homeostatic Model Assessment of Insulin Resistance Index
Blood samples were collected from the inferior vena cava to measure plasma glucose and insulin concentrations. After centrifugation, supernatant was collected and maintained at À80 C until use. Plasma samples from 9 animals per group were used for determination of glycemia by the oxidase glucose method (Enzymatic glucose; ANALISA Diagn ostica, Belo Horizonte, MG, Brazil) and of insulinemia by Figure 2 . Photomicrography in light microscopy of histologic section of rat maxillae stained with hematoxylin-eosin in CN (A and B) and PL (C and D) groups. CN showed normal-appearing dental tissues. PL showed intense inflammatory infiltrate, predominantly mononucleate (asterisk). ab, alveolar bone; c, cement; dp, dental pulp; pdl, periodontal ligament; rn, remnants of pulp necrosis. 
Statistical Analyses
The normality of the data set was verified for all analyses. Analysis of variance was performed, followed by Tukey post hoc test (P < .05). Data were expressed as the mean AE standard error of the mean (SEM), and data analysis was performed with a statistical program (Graph Pad Prism version 6.0; GraphPad Software Inc, San Diego, CA).
Results

Assessment of Body Weight of the Rats
We found no difference in the body weights evaluated on the first, fifteenth, and thirtieth day after induction of PL among the groups.
Histologic Evaluation of the Periapical Tissues
In the CN group, the periapical tissue showed characteristics consistent with a normal aspect ( Fig. 2A and B) . In both PL groups we observed the formation of PL in teeth subjected to exposure of the pulp to the oral environment. The lesions showed osteolysis and were filled with inflammatory infiltrate, predominantly mononucleate ( Fig. 2C and D) . 
Immunohistochemical Analysis of F4/80
The immunohistochemical results revealed the presence of immunolabeled cells for F4/80 in control, 1PL, and 4PL groups (Fig. 3B-G) . Increase in the number of immunolabeled cells for F4/80 around the fibers of gastrocnemius muscle in both the 1PL and 4PL groups (Fig. 3C, D , F, and G) were observed when compared with that in the CN group. We observed significant differences between CN and 1PL (P < .05) and between CN and 4PL (P < .05). However, no statistical difference was observed between the 1PL and 4PL groups (Fig. 3A) .
Assessment of Content and Phosphorylation Status of JNK and IKKa/b
We observed an increase in JNK and IKKa/b phosphorylation status (P < .05) in the 1PL and 4PL groups compared with that in the CN group (Fig. 4A-C) . We found no difference in these parameters between 1PL and 4PL groups.
Serum HSP70 and LPS Concentrations
We found higher levels of LPS and HSP70 in 1PL and 4PL groups compared with that in the CN group (Table 1) . We found no difference in these parameters between 1PL and 4PL groups.
Glycemia, Insulinemia, and HOMA-IR Index
The glycemia, insulinemia, and HOMA-IR data are shown in Table 2 . There are no differences in blood glucose and insulin levels between CN and PL groups. However, the HOMA-IR calculated from these values was significantly higher in 1PL and 4PL groups than in the CN group. We found no difference in these parameters between 1PL and 4PL groups.
Discussion
The present study demonstrates that rats with 1 or 4 teeth with PL showed increase in the number of infiltrating macrophages, IKKa/b and JNK phosphorylation status in the muscle tissue, and serum LPS and HSP70 levels, and insulin resistance and no changes in glycemia and insulinemia compared with the CN rats.
It was observed that PL1 and PL4 groups showed insulin resistance as demonstrated by the HOMA-IR index. These data are in agreement with previous studies that showed that rats with PL exhibit insulin resistance assessed both by HOMA-IR index and by insulin tolerance test after 30 days of exposure to PL (2) (3) (4) . Studies have shown that macrophage contents in skeletal muscle of obese animals and humans are correlated with impairment in insulin sensitivity (12, 23) . The present study demonstrates that 1PL and 4PL groups showed higher macrophage content in the muscle tissue compared with the CN group (Fig. 3) . Recent study (24) showed that only 5 days of high-fat diet consumption can promote an increase in RNA expression of macrophage markers and a decrease in expression of glucose transporter type 4 in skeletal muscle in healthy lean men, probably because the high-fat diet leads to inflammatory processes in the muscle, which contributes to the development of insulin resistance by releasing proinflammatory cytokines. Moreover, Parsoturis et al (25) observed that increased macrophage infiltration in muscle tissue correlated with insulin resistance in patients with diabetes, regardless of body mass index. These data corroborate our results of increased macrophage infiltration in the skeletal muscle of rats with PL in the absence of obesity (Table 3) , highlighting the key role of macrophages in insulin resistance etiology.
LPS and HPS70 play an active role in inflammation, which is closely related to development of insulin resistance. For this reason, we quantified the levels of serum LPS and HSP70 to verify the relationship of these mediators with insulin resistance, which was observed in previous studies performed in rats with PL. Our results show that the levels of serum LPS and HSP70 increased in the 1PL and 4PL groups compared with those in the control group (Table 1) . Studies suggest that chronic elevation of circulating LPS levels has a key role in the pathogenesis of insulin resistance (26, 27) . This is probably due to the interaction of LPS with TLR4, which results in activation of inflammatory pathways and negatively affects the insulin signal (27) .
Recent study demonstrated that HSP gene expression is increased in periapical granulomas compared with that in healthy periodontal tissue (28) . Thus, the results of the present study indicate that a local increase in HSP gene expression can result in increased concentration of this protein in the serum. Notably, studies showed increase in levels of plasma HSP70 in patients with diabetes (29, 30) and a positive correlation of this marker with other chronic diseases (31) . Furthermore, it has been demonstrated that HSP70 can activate TLR4, indicating a possible involvement of this protein in the development of insulin resistance (32) . These data indicate that LPS and HSP70 have a fundamental role in the association between insulin resistance and PL.
To assess the molecular mechanisms involved in insulin resistance in PL, we evaluated the phosphorylation status of JNK and IKK in the rat muscle tissue. Our results demonstrate that the 1PL and 4PL groups showed higher phosphorylation of these proteins compared with the CN group. The findings of the present study are in agreement with studies that observed the relationship between insulin resistance and JNK and IKK activation (33, 34) . Kaneto et al (35) demonstrated that treatment of diabetic rats with JNK inhibitors improved insulin sensitivity of the animals. Similarly, the studies of Yuan et al (36) and Hundal et al (37) showed that IKK inhibition by administration of salicylate improves insulin action in obese diabetic humans and rats, respectively. Therefore, because insulin resistance is related to local and systemic inflammatory processes, it is possible that the mechanisms involved in the development of insulin resistance in rats with PL involve a crosstalk between immunoinflammatory response in PL and the skeletal muscle tissue.
In the present study, rats with 1 and 4 teeth with PL were used to simulate the conditions observed in the population because epidemiologic studies performed in different populations demonstrated wide variation in the number of teeth with PL in the same person (38, 39) . Recently, Cintra et al (10) evaluated whether apical periodontitis in a single tooth or in 4 teeth promotes changes in levels of inflammatory mediators in the serum and verified that levels of serum interleukin (IL)-6, IL-17, IL-23, and tumor necrosis-a increased only in rats with apical periodontitis in 4 teeth compared with those in control rats. However, a previous study showed that the presence of only 1 tooth with PL is enough to promote an increase in concentrations of plasma tumor necrosis factor-a (2). In our study, we also observed that only one focus of PL was able to promote an increase in the concentrations of serum HSP70 and LPS, which could induce systemic alterations related to increase in activation of inflammatory pathways. This is the first study to demonstrate the existence of a crosstalk between PL and muscle tissue. Our results showed that 30 days of exposure to PL promoted macrophage infiltration, activation of inflammatory pathways in muscle tissue, and increased concentrations of serum HSP70 and LPS in rats. The present results suggest that oral inflammation may promote systemic disorders, resulting in alteration in concentrations of proinflammatory mediators in the serum and in the metabolism of peripheral tissues such as muscle tissue, which has a key role in glucose homeostasis.
The present study improves the knowledge on the impact of oral inflammations on development of systemic alterations that can induce insulin resistance, thus contributing to the development of new therapeutic approaches. Values are presented as mean AE SEM (n = 20).
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